To evaluate geriatric assessment (GA) domains in relation to clinically important outcomes in older breast cancer survivors.
INTRODUCTION
The fastest growing segment of the US population is adults Ն 65 years old, which is projected to be 20% by 2030, with 70% of cancers occurring in this population.
1,2 Breast cancer is the most common cancer among older women. 3 Of the estimated 182,460 women diagnosed with breast cancer in 2008, almost half of the patients are women Ն 65 years old, who have a relative survival rate of 89% at 5 years. 4 Despite documented undertreatment, surgery and adjuvant treatment are well tolerated, effectively decrease relapse, and improve survival in many older patients with cancer, including women with breast cancer Ն 80 years old. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Studies show that older adults are willing to receive treatment for cancer just as readily as younger patients. [16] [17] [18] [19] [20] [21] However, the challenge of managing older patients with cancer is the ability to accurately assess whether the expected benefits of treatment outweigh risks. Because aging is a heterogeneous process, older patients with cancer need individualized management. 5, 22 Chronologic age is not a reliable estimate of future life expectancy, functional reserve, or the risk of treatment complications. 23, 24 Moreover, older patients with cancer are seldom comprehensively evaluated.
Rather, they are managed primarily according to the treating physician's experience and extrapolations from clinical trials involving younger adults because efficacy data in older adults are lacking. 25 This lack of comprehensive evaluation and efficacy data restricts the basis of treatment modifications to factors such as chronologic age and has retarded the development of interventions to optimize cancer treatment in older adults.
Multidimensional geriatric assessment (GA) is a promising strategy that captures a range of patient factors and can inform individualized treatment plans designed to optimize clinical management and health outcomes. [26] [27] [28] [29] Unfortunately, the efficacy evidence supporting cancer-specific GA (C-SGA) is indirect with limited longitudinal outcome-based follow-up. [30] [31] [32] Nearly a decade's worth of publications, including recommendations from the International Society of Geriatric Oncology task force on GA and practice guidelines published by the National Comprehensive Cancer Network, recommend it's use and call for prospective studies to determine C-SGA's ability to predict relevant outcomes such as choice of treatment, treatment tolerance, treatment completion, survival, and quality of life in older patients with cancer.
6,24,31,33-41 Notwithstanding, to our knowledge, there are few published prospective outcome-based studies of C-SGA. [42] [43] [44] [45] To address this void, we conducted a secondary analysis of baseline and 7-year data from a longitudinal follow-up study of older breast cancer survivors to evaluate GA domains in relation to clinically important outcomes in older breast cancer survivors.
METHODS

Study Population
The longitudinal study design and participant recruitment procedures have been reported elsewhere. 46 In brief, patients with newly diagnosed breast cancer were identified through regular review of pathology reports at hospitals or collaborating tumor registries in four geographic US regions (Los Angeles, CA; Minnesota; North Carolina; and Rhode Island) with institutional review board approval of the study in each setting. Women were eligible for the study if they had stage I disease and a tumor diameter Ն 1 cm or stage II to IIIA disease; were Ն 65 years old on the date of diagnosis; and had permission from the attending physician to be contacted for study participation. Additional inclusion criteria included no prior history of primary breast cancer, no simultaneously diagnosed or treated second primary tumor at another site, ability to speak English, and competency for interview with satisfactory hearing. Eligible participants were mailed an enrollment package and called by a research staff member from each site who explained the study's purpose and participation requirements; potential participants were given an opportunity to decline participation, and those who verbally agreed to participate were asked to return a signed consent form approved by the institutional review board at each site. Three months after their definitive surgery, enrolled patients completed their first interview, resulting in a baseline study population of 660 women. After participant consent, each treating physician (oncologists, or surgeons when oncologist response was unavailable) was asked to complete a questionnaire assessing the physician's recommendations for tamoxifen treatment, resulting in a subpopulation of 480 women with a physician assessment.
Data Collection Procedures
Telephone interviews were conducted at 3 months (baseline) after definitive surgery. A definitive surgery date based on medical record review was assigned to each participant. Trained interviewers conducted the interview, which took on average 45 minutes to complete, and ascertained sociodemographic information, psychosocial status, health status, and breast cancer therapies received. Tumor and type of surgery were collected at time of diagnosis by medical record review at least 3 months after date of definitive surgery. Chemotherapy, radiation therapy, and tamoxifen use were obtained by interview. Before baseline interviews, treating physicians completed patientspecific tamoxifen treatment recommendation forms, including an overall assessment of health at breast cancer diagnosis. Mortality data were collected after up to 7 years of follow-up using the National Death Index and Social Security Death Index.
Analytic Variables
Treatment tolerance. Patient interviews assessed overall past/present treatment tolerance using a single question that asked, "How well do you think that you are dealing with treatment side effects that you might have been experiencing or are experiencing?" Participants responded on a four-level scale (not too well at all, not too well, fairly well, and very well). We categorized poor treatment tolerance as not too well at all and not too well and good treatment tolerance as fairly well and very well.
Mortality. Decedents were identified by first and last name, middle initial, Social Security number, date of birth, sex, race, marital status, and state of residence matched against National Death Index records; first and last name, middle initial, date of birth, and Social Security number were matched against Social Security Death Index records.
Sociodemographic characteristics. We classified patient age as 65 to 69, 70 to 79, or Ն 80 years old; race was classified as white or nonwhite; education was classified as less than high school, high school, or more than high school; marital status was classified as being or not being married; and financial status was classified as having or not having adequate finances to meet needs.
Breast cancer characteristics. We classified disease stage as I to III using the TNM classification. 47 We classified primary tumor therapy as mastectomy, breast-conserving surgery (BCS) followed by radiation therapy, or BCS alone. Receipt of chemotherapy and adjuvant tamoxifen therapy was classified as yes or no.
Health-related characteristics. We determined the number and type of underlying diseases present at time of diagnosis from patient interview data using the Charlson comorbidity index (CCI) scaled from 0 to 3, with higher scores indicating more comorbidity.
48-50 Self-rated health status before diagnosis was assessed using a single-item measure, as follows: "In general, would you say that your health before your breast cancer was diagnosed was excellent, very good, good, fair, or poor?" Self-rated health was dichotomized as excellent, very good, or good versus fair or poor. We asked physicians the following question: "Aside from her breast cancer, how would you rate this patient's health at time of admission to the hospital for breast cancer surgery?" Medical doctor-rated health was categorized as not ill/mildly ill or moderately ill/ severely ill. Body mass index was derived from patients' baseline self-reported weight and height and dichotomized as Յ 30 kg/m 2 versus obesity (Ͼ 30 kg/m 2 ). We calculated the total number of limiting physical functions based on the 10-item Physical Function Index of the Medical Outcomes Study Short Form-36 and categorized limitations as none or Ն one limitation.
51, 52 We used count instead of derived physical function score for ease of interpretation and greater clinical transparency. General mental health was assessed using the five-item Mental Health Index (MHI5), a five-item measure of mental health from the Medical Outcomes Study Short Form-36 scored on a 0 to 100 scale (higher scores indicate better mental health). 51, 52 This scale has been widely used in many populations with chronic disease and cancer; a score of Ն 80 is considered good general mental health, and an 8-point change is clinically significant.
10,53-57 Social support was measured using a reduced set of eight items derived from the 19-item Medical Outcomes Study Social Support Scale (MOS-SSS). 58 The scale (Cronbach's ␣ Ͼ .89) is comprised of four emotional social support items (someone available to have a good time with, someone to turn to for suggestions about dealing with a personal problem, someone who understands your problems, and someone to love and make you feel wanted) and four instrumental social support items (help if confined to bed, help to take you to the doctor, help to prepare meals if you are unable, and help with daily chores). 59 The score based on each of the eight items was scaled from 0 to 100, with higher scores indicating more support and a score of Ն 80 considered good social support.
GA. The following four GA domains were described by six individual measures: sociodemographic by adequate finances; clinical by CCI and body mass index; function by number of physical function limitations; and psychosocial by MHI5 and MOS-SSS. Deficits in GA domains were counted and dichotomized as Յ two versus Ն three, because zero or one deficit does not represent the essential GA advantage of incorporating multiple domains of information. Measures were selected for literature-based relevance from available study data. 60 For example, social support was chosen instead of marital status because, although marital status is often used as proxy, social support is a more comprehensive measure shown to be related to the health and wellbeing of older adults. 61, 62 Other assessment measures. Age, CCI, self-rated health, and medical doctor-rated health (described earlier) were considered other commonly used assessment measures.
Analytic Strategy
We obtained descriptive statistics (univariate, proportion, and frequency) on all study variables. We then examined bivariate distributions between independent and outcome variables (treatment tolerance and mortality) using Spearman correlations, t tests, 2 tests, and Cochran-Armitage test for trend when appropriate. Unadjusted and multivariable adjusted logistic and Cox proportional hazards regression models were fit to evaluate associations between the outcome and independent variables. Independent variables demonstrating a significant association with outcome variables were evaluated for potential inclusion in multivariable models. 63 Final adjusted models were validated by refitting the models using backward stepwise regression techniques. Small sample size precluded split-sample validation. Participants with missing data for independent or outcome variables were excluded from models (n Ͻ 19).
To evaluate potential bias, we compared characteristics of the subpopulation with physician assessment (n ϭ 480) with characteristics of the baseline population (N ϭ 660; Table 1 ) and the subpopulation without physician assessment (n ϭ 180); no statistically significant differences were observed. Our findings, although less precise, remained unchanged when stratified by adjuvant treatment and/or restricted to the physician assessment subpopulation. All analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC), and all P values were two-sided.
RESULTS
Characteristics of the Study Population
Sociodemographic, breast cancer, and health-related characteristics of the baseline study population (N ϭ 660) are listed in Table 1 . Approximately one quarter of the population came from each of the four study sites. The majority of patients were Ն 70 years old. Most patients were white and had a high school education or greater. Approximately half of the women had stage I disease; the majority received either a mastectomy or BCS followed by radiation. Nearly 60% of women had a CCI of 0 (range, 0 to 2), 85% had self-reported good health, and less than one quarter were obese. Fifty percent or more of women exhibited high levels of general mental health and physical function.
GA Domains, Poor Treatment Tolerance, and Mortality
No difference in age in relation to treatment tolerance was observed, although as expected, decedents were somewhat older (⌬3.83 years; SE ϭ 0.50 years; P Ͻ .0001 63 [SE ϭ 1.9], respectively; P ϭ .08). Table 2 lists the crude and adjusted effects of age, stage, and individual measures representing GA domains in relation to outcomes in the baseline population. In regression models adjusted for age and stage, three measures from two domains (clinical and psychosocial) were associated with poor treatment tolerance. Four measures representing all four GA domains predicted mortality. Figure 1 shows the proportion of the baseline population with either poor treatment tolerance or mortality in relation to the number of GA domain deficits. The proportion of women with a poor outcome statistically significantly increased as the number of deficits in GA domains increased, exhibiting an incremental increasing trend. Figure 2 shows the subpopulation of women with a physician assessment in relation to different assessment measures including GA domains. The characterization of the subpopulation varied broadly. Of note, physician assessment of a patient's health status was the only measure not associated with poor treatment tolerance. These variations were underscored by inconsistent crossclassification between assessment measures; 59.43% and 23.81% of women with Ն three deficits in GA domains were assessed by physicians as not ill and had excellent/very good self-rated health, respectively. Correlations further emphasize the differences, with the strongest statistically significant correlation between number of GA deficits and CCI (r ϭ 0.62; P Ͻ .0001) and weakest correlation between CCI and age (r ϭ 0.07; P ϭ .11). Although self-rated health and CCI seemed to have the most similar distributions, they were not the most strongly correlated measures (r ϭ 0.38; P Ͻ .0001).
GA, Other Assessment Measures, Poor Treatment Tolerance, and Mortality in the Subpopulation With Physician Assessment
In this subpopulation of women with physician assessment, Ն three deficits in GA domains was most strongly associated with poor treatment tolerance and among the strongest predictors of mortality (Table 3) . CCI Ն 1, fair/poor self-rated health, and having Ն three deficits in GA domains were all strong statistically significant determinants of both poor treatment tolerance and mortality.
DISCUSSION
This study provides longitudinal evidence that GA domains are associated with poor treatment tolerance and predict mortality at 7 years of follow-up, independent of age and stage of disease. Even in this select population (ie, a reasonably healthy functional population of older breast cancer survivors), differences in health according to type of assessment and variations in GA domains across outcomes were evident. Furthermore, the proportion of participants with poor treatment tolerance or mortality increased as the number of GA deficits increased. These findings highlight the need for assessment of a range of patient characteristics when treating older patients with cancer. They suggest that C-SGA may provide an effective tool to identify targets for intervention to optimize the management and outcomes (eg, lower rate of treatment adverse effects and improved survival) of older patients with cancer. It is conceivable that these results underrepresent what might be seen in more heterogeneous populations characterized by, for example, less affluence, more comorbidity, or poorer functional status.
Chronologic age alone should not be the sole reason for not offering an older patient with cancer treatment; the effects of aging on function, physiology, and the availability of social supports are important and need to be considered during the treatment decision-making process. Our findings underscore this point and are supported by both the geriatric and cancer literature linking individual clinical, function, and psychosocial GA domains to increased risk of worse treatment tolerance and mortality. 21, [30] [31] [32] 35, 38, 64 The added benefit of multidimensional GA is that it provides physicians and patients/families with information to guide clinical management and to identify vulnerabilities that may be mitigated by interdisciplinary interventions. Specifically, GA can identify reversible problems that may interfere with cancer treatment, such as poor mental health, insufficient social support, or functional limitations that might be modified to reduce their impact on treatment and/or treatment effects.
The measures in this study were not administered as part of a comprehensive GA or for patient care purposes. GA generally refers to in-person multidimensional clinical, functional, psychosocial, and environmental evaluation of an older patient's resources and problems as a basis for further treatment. In this study, information was collected by telephone interview. We also had no information regarding whether or not treating physicians used C-SGA in their practices, although this is unlikely. The deficits identified by the measures in this study were not reported back to physicians and, therefore, could not have directly influenced patient care or outcomes. The individual measures used in this study were brief, reliable, valid, predictive of morbidity and mortality in geriatric patients, and sensitive to change over time. 60 Although not administered as part of a pretreatment objective assessment, they did predict cancer outcomes in this population and could be combined into a brief (ie, low physician/patient burden) GA for busy clinical settings and research purposes.
5, 65 We do not imply that these are the only GA domains or the best measures for implementation, but merely that these findings provide evidence of their potential as part of geriatric oncology care.
Several limitations of this study should be considered. These findings may not be generalizable to general populations of older patients with cancer or to populations outside the geographic areas included or the United States. Because of the eligibility criteria of the study, older women with cognitive impairment, advanced breast cancer, other cancers, or multiple primary cancers were excluded from this sample. In addition, our study population was a largely white, well-educated, fairly healthy group of older women, limiting generalizability to other populations of older breast cancer survivors. Another limitation is related to selection bias resulting from only a subset of women having had a physician assessment. However, comparison of women with physician assessment to those without assessment regarding sociodemographic, tumor, and treatment characteristics showed minimal differences between the two groups. The potential confounding effect of adjuvant treatment modalities in this research was minimal. However, caution should be exercised when interpreting these results because of imprecision and the challenge of confounding by indication. 66 Lastly, we used a single question to define overall past/present treatment tolerance based on self-report. Results may have been different had we relied on past-only data resulting from physician assessment, relied on information in the medical record, or recognized toxicity criteria, all of which were unavailable.
This study demonstrates that GA domains can predict cancerspecific outcomes in older patients with breast cancer. Taken in context with other research seeking to identify which assessment tools best 
